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CONNECTOR WITH LEVER 

This application is a continuation-in-part of commonly assigned, co-pending application 
Serial No. 09/313,875, filed 18 May 1999, for "Connector With Lever". 

TECHNICAL FIELD 

The present invention relates to a connector assembly, and more particularly to a connector 
assembly that includes a male connector housing and a female connector housing that are 
slidably engageable. A lever is pivotally supported by one of the connector housings to 
facilitate engagement and disengagement thereof. Operation of the lever mechanically 
assists the mating of the connector housings to overcome high ins^on force. 

BACKGROUND ART 

The mating of male and female connectors to form a connector assembly often involves a 
high insertion force. This is particularly trae when the connectors comprise mating 
connector housings containing many contacts. For example, automobile wiring systems 
typically include wiring harnesses. Each harness contains many conductors that are 
electrically and mechanically connected to respective contacts contained in the harness 
connector housing. The harness connector housing and the plurality of contacts contained 
therein are mated with a header connector housing and the contacts contained therein. In 
such applications, the mating of the harness and header connector housings is often difficult 
due to the force required to ov^come the fiiction between the mating contacts. 

Many attempts have been made using levers to overcome high insertion force vrhsa mating 
male and female connector housings. Some attempts have required that the lever include 
slits or grooves therein or therethrough that engage pins that extend outwardly j&om one of 
the connector housings. Such slits or grooves tend to weaken the lever as well as cause 
more flexing thereof during use than desired. Some attempts require that the pivoting and 
camming elements be located on the outside of the connector assembly. The use of pivoting 
and camming elements external of the connector assembly is undesirable. Such pivot and 
camming elements prevent a smooth seal and therefore are not useful in a sealed connector 
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environment. Another problem incurred is that there is a tendency in some connector 
assemblies for the lever to prematurely rotate out of the desired assembly position. A 
further concern is that in those applications wherein multiple connectors are stacked upon 
each other, there is a tendency for the latch that secures the lever in place when the 
connector housings are mated, to fail. Another concern is that due to the flexible nature of 
the material commonly used in fabricating known connector assemblies, there is a tendency 
for the joined connector housings to become inadvertently locked together when they are 
not properly aligned and are forced together. In such instances it may be impossible to 
unmate the connector housings without causing damage to one or both of the housings. In 
some known connector assemblies, misaligned connector housings may not be detected by 
the user until they are already locked together. 

An example of one prior art connector assembly is U.S. Patent No. 5,322,383 that issued on 
21 June 1994 to Saito et al. This patent relates to a lever-type connector including two 
housings wherein a lever is pivotally coimected by pivot shafts to one of the housings to 
provide levCTage during mating of the two. In such embodiment, it is necessary to provide 
cam grooves in opposing inner surfaces of the lever. The grooves mate with respective 
guide pins to facilitate engagement of the connectors. A similar device is described in U.S. 
Patent No. 5,172,998 that issued on 22 December 1992 to Hatagishi. In the Hatagishi 
embodiment, opposing cam slits extend completely through the lever. 

Lot U.S. Patent No. 3,300,75 1 fliat issued on 24 Januaiy 1 967 to Fraley, a lever is provided to 
facilitate the mating of connector elements, such lever including a slot that extends through 
the lever. The lever is attached to a top plate by a screw extending outwardly of a top 
section of the top plate. AnothCT screw mates with the slot to facilitate movement of the 
connector elements. Each screw is external of the device. 

In U.S. Patent No. 5,564,935 that issued on 15 October 1996 to Yagi et al,, a connector 
engagement device is illustrated that includes two lever-type cam members pivoted upon 
respective extemally extending pins. Each cam member includes cam grooves that mate 
with extemally extending pins. The cam members are also provided with teeth that mesh so 
that the two cam members can be operated interlock with each other in directions different 
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from each other. 

DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide an improved connector assembly. 

Another object of the present invention is to obviate the disadvantages of the prior art 

A fiirther object of the present invention is to provide a connector assembly that includes a 
lever that is mounted externally of mated connector housings and camming features that are 
located within the connector assembly. 

Yet another object of the present invention is to provide a connector assembly that includes 
a lever that is mounted externally of mated connector housings and lever pivot elCTients that 
do not extend outwardly from the connector assembly. 

Another object of the present invention is to provide a connector assembly that includes a 
lever that does not include camming features in the form of grooves or slits therein or 
therethrough. 

Yet another object of the present invention is to provide a connector assembly that includes 
a lever that will not rotate prematurely out of the desired assembly position. 

Another object of the present invention is to provide a connector assembly that may be 
stacked with one or more other connector assembly without failure of the latch that secures 
the lever in place when mating connector housings are fully engaged. 

A further object of the preset invention is to provide a connector assembly wh^ein the 
likelihood of mismating connector housings is nfiininoized. 

Yet another object of the present invention is to provide a connector assembly that provides 
tactile feedback to the user liiCTeof if the connector housings are not properly aligned. 
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The present invention achieves these and other objects in a first embodiment by providing a 
connector assembly that includes at least one first connector housing and at least one second 
connector housing slidably engaging wittiin the first connector housing. The second 
connector housing comprises a first and second cam projection. A lever is pivotally 
supported on the first connector housing by at least one pivot element extending through a 
wall of the first coimector housing. The lever comprises at least one lever portion adapted 
(a) to engage a wall of the first connector housing in a first lever position to prevent pivotal 
movement of the lever, and (b) to be disengaged fix)m the wall of the first connector housing 
by a first cam projection in a second lever position 1o pennit pivotal movement of the lever. 
The pivot element comprises a first region that comprises a cam follower adapted to engage 
a second cam projection in an engagement and disengagement mode when fbs lever is 
pivoted in an engagement direction or in an opposite disengagement direction, respectively, 
to urge the first and second connector housings towards or away firom each other, 
respectively. 

In a second embodiment of the present invention a connector assembly is provided that 
comprises at least one first connector housing and at least one second connector hoTising 
slidably engaging within the first connector housing. The second connector housing 
comprises a multi-surface first cam projection. A lever is provided that is pivotally 
supported on the first coimector housing by at least one pivot element extending through a 
wall of the first connector housing. The pivot element comprises a first region that includes 
a multi-surface second cam projection. The first and second cam projections are structured 
and arranged so that (a) at least a first surface area of the first cam projection will engage at 
least a first surface area of the second cam projection, when the first and second coimector 
housings are in a misalignment mode thereby preventing pivoting of (be lever in an 
engagement direction; (b) at least a second surface area of the first cam projection will mate 
wifli at least a second sur&ce area of the second cam projection when the first and second 
connector housings are in a first stage of an alignment mode thereby permitting pivoting of 
the lever in the engagement direction; and (c) at least a third suiface area of the Srst cam 
projection will mate with ibe first surface area of the second cam projection when the lever 
is pivoted in an engagement direction or in an opposite disengagement direction, 
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respectively, in a second stage of the alignment mode, to urge the first and second connector 
housings towards or away jfrom each other, respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention may be clearly understood by reference to the attached drawings in that like 
reference numerals designate like parts and in that: 

FIG. 1 is an a perspective view of one embodiment of the connector ass^bly of the present 
inventioi^ 

FIG. 2 is a perspective view of a first coimector housing of the connector assembly of FIG. 
1; 

FIG. 3 is a perspective view of a second connector housing of tiie connector assembly of 
FIG. 1; 

FIG. 4 is a top perspective view of the lever illustrated in FIG. 1; 
FIG. 5 is a bottom perspective view of the lever illustrated in FIG. 1; 
FIG. 6 is a top view of the lever of FIGS. 4 and 5; 
FIG, 7 is a sectional view of FIG. 6 taken along lines 7-7; 

FIGS. 8 and 9 sequentially illustrate attachment of the lever of FIG. 1 to the first connector 
housing; 

FIGS. 10 and 11 sequentially illustrate engagement/disengagement of the first coimector 
housing of FIG. 1 relative to the second connector housing; 

FIG. 12 is a partial plan view of the first and second connector housings of FIG. 1 during the 
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mating thereof; 

FIG. 13 is a perspective view of a portion of a second connector housing of a second 
embodiment of the present invention; 

FIG, 14 is a top perspective view from one end of a lever of the second embodiment of the 
present invention; 

FIG, 15 is a bottom perspective view fix>m the opposite end of flie lever illustrated in FIG. 
14; 

FIG. 16 is a bottom perspective view of the lever illustrated in FIG. 14; 

Fia 17 is a bottom view of the lever of FIG. 14; 

FIG. 18 is a top view of the lever of FIG. 14; 

FIG. 19 is a view of FIG. 17 taken along lines 19-19; 

FIGS, 20 illustrates the first stage of an alignment mode during operation of the coimector 
assembly of the second embodiment of the present invention; 

FIG. 21 illustrates the second stage of the alignment mode during operation of the coimector 
assembly of the second embodiment of the present invention; and 

FIG. 22 illustrates a misalignment mode during opo^tion of the connector assembly of the 
second embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTTON 

For a better understanding of the present invention, together with other and further objects, 
advantages and capabilities thereof, reference is made to the following disclosure and 
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appended claims taken in conjunction with the above-described drawings. 

In one embodiment of the present invention, the connector assembly includes at least one 
jSrst connector housing and at least one second connector housing slidably engaging a 
respective first connector housing. Each first connector housing supports a lever for urging 
such first connector housing and a mating second connector housing towards and away fix>m 
each other, as desired. For example, in the embodiment illustrated in FIG. 1, a connector 
assembly 20 is provided. Without limitation, connector assembly 20 may be of the type 
used in automobile wiring systems wherein a bundle of wires forming a conventional wiring 
hamess are electrically and mechanically connected to respective contacts housed in a 
harness connector housing that is adapted for connection to a header connector housing. 
The header connector housing houses contacts that mate with the contacts in the hamess 
connector housing wdien the hamess and header connector housings are mated with each 
oth^. In the embodimait illustrated in FIG. 1, the connector assembly 20 includes a 
hamess connector housing 22 that includes a plurality of openings 24 structured and 
arranged to contain respective male or female contacts (not shown) electrically and 
mechanically connected to respective wires of a wiring hamess in a conventional manner. 
A header connector housing 26 is also provided. Like hamess connector housing 22, header 
connector housing 26 includes a plurality of openings (not shown) that contain respective 
female or male contacts that mate with respective male or female contacts contained within 
the hamess connector housing 22 when the hamess and header connector housings are 
mated with each other as described herein. In one embodiment, the hamess and header 
connector housings 22, 26 may each contain thirty eight contacts on 0.64mm centers. The 
fiiction generated when attempting to connect or disconnect such male and female contacts 
is sufficiently high to render such task very difficult To facilitate connection or 
disconnection, a lever 28 is supported on the harness connector housing 22 for urging the 
hamess and header connector housings 22, 26 towards and away fi*om each, as described 
herein. The connector assembly 20 is particularly suited to connectors used in a sealed 
system. 

The details of the hamess connector housing 22 are illustrated in FIG. 2. Hamess connector 
housing 22 includes opposmg sidewalls 30 and 32 and opposing top and bottom walls 34 
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and 36, respectively. Although not necessary, the harness connector housing 22 is 
symmetrical and to this end, sidewall 30 is identical to sidewall 32, top wall 34 is identical 
to bottom wall 36 and fee internal features of fee housing are symmetrical throughout As 
such, fee housing 22 may be used as illustrated in FIG. 2 or may be inverted such feat wall 
34 serves as fee bottom wall and wall 36 serves as fee top wall. 

Sidewalk 30 and 32 each comprise an aperture 38 extending feerethrough. Aperture 38 
comprises a circular portion 40 that is intersected by a linear portion 42. The widfe of fee 
linear portion 42 is less than fee diameter of fee drcular portion 40. Linear portion 42 
extends fix)m fee curcular portion 40 to respective edges 44, 46 of sidewalls 30 and 32. The 
header connector housing 26 is inserted into fee hamess coimector housing 22 at fee end 48 
of fee hamess connector housing. To facilitate such insertion as described herein, fee 
hamess connector housing 22 comprises two elongated upper grooves 50 and two elongated 
lower grooves 52 that extend within fee hamess connector housing in fee direction 54 of a 
longitudinal axis 56 of fee hamess connector housing. 

The details of fee header connector housing 26 are illustrated in FIG. 3. Header connector 
housing 26 includes opposing sidewalls 58 and 60 and opposing top and bottom walls 62 
and 64. Alfeough fee embodiment illustrated in FIG. 3 is not symmetrical throughout, 
sidewalls 58 and 60 are identical. However, if desired fee entire housing 26 may be 
fabricated to be symmetrical throughout so that, like hamess connector housing 22, fee 
header connector housing 26 may be used as illustrated in FIG. 3 or may be inverted such 
feat wall 62 serves as fee bottom wall and wall 64 serves as fee top wall. 

In fee embodiment illustrated in FIG. 3, fee walls 58, 60, 62 and 64 extend from a mounting 
plate 66 in fee direction .68 of a longitudinal axis 70 of fee header connector housing 26. 
The mounting plate 66 includes a plurality of mounting tabs 72 having respective apertures 
74 feerethrough. The header connector housing 26 may be mounted to a surface such as an 
automobile panel by inserting screws through apertures 74 and into fee panel in a 
conventional manner. 



The connector assembly 20 may comprise one or more hamess connector housings 22 and 
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header connector housing 26. For example, in the embodiment illustrated in FIG, 3, there is 
one header connector housing 26 extending jfrom the mounting plate 66 to that one harness 
connector housing 22 may be mated as illustrated in FIG, 1 and described hereinafter. If 
desired, mounting plate 66 may be elongated sufficiently so that two or more header 
connector housings 26 may extend therefrom, each having a respective harness connector 
housing 22 attachable thereto as described herein. 

The sidewalk 58 and 60 each comprise a fibrst cam projection 76 and a second cam 
projection 78. Each cam projection 78 projects from a respective sidewall 58, 60, extends in 
the direction 68 and comprises a generally V-shaped camming sur&ce area 80 that includes 
a base portion 82. Each surface area 80 has a gear-like configuration. Each cam projection 
76 projects from a respective cam projection 78, extends in the direction 68 and includes a 
camming surface area 84. The header connector housing 26 comprises elongated upper ribs 
86, and elongated lower ribs 88, that extend along the outer surfaces of the sidewalls 58 and 
60 in the direction 68. Ribs 86 and 88 are structured and arranged to mate with and slide 
within grooves 50 and 52, respectively, to facilitate the insertion of the header connector 
housing 26 into the harness connector housing 22 by facilitating alignment of the two 
housings when they are mated as described herein. 

With reference to FIG, 1, the lever 28 is pivotally supported on the sidewalls 30 and 32 of 
the harness connector housing 22 by respective first and second pivot elements extending 
through respective sidewalls 30, 32, as described hereinafter. The details of the lever 28 are 
illustrated in FIGS. 4 to 7. 

Lever 28 comprises opposing first and second resilient arms 90, 92 that are joined by a 
bridge segment 94. Each arm 90, 92 comprises a pivotal element 96 projecting from a 
respective inner arm surface 98, 100, Each arm 90, 92 of the lever 28 extends from the 
bridge segment 94 to a respective distal end that comprises opposing first and second end 
portions 102. The distance between the end portions 102 is less than tiie distance between 
the out^ surfaces of the sidewalls 30 and 32. 



Each pivotal element 96 comprises a region 104 that includes opposing flat segments 106 
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connected by opposing circular segments 108. Each pivotal element 96 also comprises a 
region 110 that includes a cam follower in the form of a generally V-shaped camming 
surface area 1 12 that includes a base portion 114. Each surface area 1 12 has a gear-like 
configuration and is structured and arranged to mesh with a respective V-shaped camming 
surface area 80 that projects &om sidewalls 58 and 60 of the header connector housing 26. 

The lever 28 is pivotally supported by sidewalls 30, 32 of the harness connector housing 22 
in such a manner that each region 110 of each pivotal element 96 is positioned within the 
hamess connector housing between sidewalls 30, 32, and the arms 90, 92 and bridge 
segment 94 are positioned outside of the hamess coimector. To accomplish such structural 
relationship, the lever 28 is attached to the hamess connector 22 in tihe following manner. 
With reference to FIGS. 2 and 8, resilient arms 90, 92 are urged ^art so that they engage 
and bear against the outer surface of sidewalls 30 and 32. The distance between the end 
portions 102 relative to the distance between the outer sur&ces of flie sidewalls 30, 32 is 
dimensioned such fliat the arms 90, 92 do not require a great deal of deflection to be caused 
to bear against the sidewalls. The region 1 04 of each pivotal element 96 is then inserted into 
a respective aperture 38 in sidewalls 30, 32 such that opposing flat segments 106 mate with 
the opposing edges 1 1 6 of the linear portion 42 of aperture 38. The region 1 04 is caused to 
slide along the linear portion 42 in direction 118 until a circular segment 108 of the region 
104 engages the wall 120 of the circular portion 40 of the aperture 38 as illustrated in FIG. 
8. The lever 28 is then rotated in a disengagement direction 122, the opposing circtdar 
segments 108 engaging the wall 120 during such rotation, as illustrated in FIG. 9. Such 
movement of the lever 28 rotates each region 104 within a respective circular portion 40 of a 
respective aperture 38. Each region 110 will be disposed inside of the hamess connector 
housing 22 adjacent an inner surface 124 of a respective wall 30, 32, and the lever arms 90, 
92 will be disposed outside of the hamess connector housing adjacent an outer surface 126* 
of a respective wall 30, 32. The lever 28 is rotated in direction 122 until the end portions 
102 engage respective edges 44 and 46 of sidewalls 30 and 32 as illustrated in FIG. 9 with 
respect to end portion 102 of lever arm 92. When the end portions 102 engage respective 
sidewalls 30, 32 in this manner, the lever will be in a first leva- position wherein pivotal 
movement of the lever will be prevented. In particular, the abutment of respective end 
portions 102 against edges 44 and 46, respectively, will prevent rotation of the lever 28. As 
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a practical matter, the lever 28 will be prevented fix)in rotating tintil tiie header and harness 
connector housings engage each other as described herein. The lever 28 and harness 
connector housing 22 are now pre-assembled and ready for attachment to the header 
connector housing 26. It should be noted that the bridge segment 94 of lever 28 is near the 
rear of the harness connector housing 22. 

The harness and header coimector housings 22 and 26 are mated together by inserting the 
end 128' of the header connector housing into the end 48 of the harness connector housing. 
To this end, ribs 86 and 88 are inserted into respective grooves 50 and 52 to properly align 
the housings 22, 26. As the bousing 26 is inserted into the housing 22, the canmung svoiace 
areas 84 engage respective end portions 102 and urge such end portions q^art in a second 
lever position. In particular, the end portions 102 are sufBdently disengaged from the 
opposing sidewalls 30, 32 by the camming sur&ce areas 84 of the cam projections 76 to 
permit the end portions 102 to clear the edges 44 and 46 suflBciently to permit pivotal 
movement of the lever 28 in an engagement direction 126. 

With reference to FIG. 12, in order to facilitate the movement of the end portions 102 away 
firom each other, each end portion may comprise a beveled surface 128, arid each camming 
surface area 84 may comprise a beveled surface 130. In such an embodiment, when the 
housing 26 is inserted into housing 22, each beveled surface 128 slides iq>on a respective 
beveled surface 130 causing end portions 102 to be cammed away firom each oth^. It will 
be noted that in the embodiment illustrated in the drawings, when the harness and header 
coimector housings 22, 26 are being urged together, the axes 56 and 70 will be coincident, 
and the end portions 1 02 will be cammed away from such axes. 

The cam followers in the form of the generally V-shaped gear-like surface area 112 are 
adapted to engage respective generally V-shaped gear-like camming surface areas 80 of the 
cam projection 78 so that by pivotal operation of the lever 28 the harness and header 
connector housings 22 and 26 will hp urged towards or away from each other when the lever 
is pivoted in an engagement direction tov^^ards the header connector or in a disengagement 
direction away from the header connector. For example, after the end portions 102 have 
been cammed away from each other by respective camming surface areas 84, the harness 
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connector housing can be partially pushed towards the header connector housing causing the 
lever 28 to rotate sufficiently in direction 126 to alert the user that the lever may be engaged. 

Such rotation causes each surface area 112 of lever 28 to begin to mesh or mate wifli a 
respective surface area 80 of the header connector housing 26 as illustrated in FIG. 10. The 
user next continues rotation of the lever 28 by pushing against the bridge segment 94. Since 
bridge segment 94 is near the rear of the harness connector housing 22, the lever and harness 
connector housing move in ihe same general direction during this step. Such continued 
rotation of lever 28 in direction 126 ca\ises the tooth 132 to fully mesh with a respective 
camming surface area 80. During such rotation, the interaction between each tootii 132 and 
a respective camming surface area 80 urges the harness and header connector housings 22, 
26 togetiier as illustrated in FIG. IL. When the lever can no longer be rotated in direction 

126, the contacts in the respective housings will be fully mated in a conventional manner. 

If it is desired to discormect tiie housings 22 and 26, the lever is rotated in direction 122. 
Such rotation causes each tooth 134 of each respective camming surface area 80 to fidly 
mesh with a respective surface area 112. During such rotation, the interaction between each 
tooth 134 and a respective surface area 1 12 urges the hamess and header connector housings 
22, 26 apart as illustrated in FIG. 10- The end portions 102 of arms 90, 92 prevent the lever 
28 from pivoting sufficiently in direction 122 to its preassembled position where the end 
portions 102 engage respective edges 44 and 46. 

With reference to FIGS. 4 and 5, the bridge segment 94 of the lever 28 comprises a resilient 
latch member 136 including an engagement surface 138. With reference to FIG. 3, the top 
wall 62 of the header connector hoTising 26 comprises a mating latch member 140 including 
a mating engagement surface 142, The latch member 1 36 and mating latch member 140 are 
structured and arranged to fully engage each other, when the connector housings 22, 26 are 
fully engaged, to thereby lock the connector housings in place relative to each other. In 
particular, with reference to FIG. 11, the resilient latch member 136 will snap into place 
relative to the mating latch member 140 so that the engagement sur&ce 138 engages the 
mating engagement surface 142 when the contacts of the connector housings 22 and 26 are 
engaged suflBcienfly to assure prop«: electrical connection. When the latch member 136 and 
mating latch member 140 sn^ togetiier, the engagement surface 138 will bear against the 
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mating engagement surface 142. The latch member 136 may be disengaged so that tiie lever 
28 may be rotated in direction 122 by depressing the latch member so that the surface 138 
disengages surface 142. 

In the embodiment illustrated in FIG. 2, the top and bottom walls 34 and 36 of the harness 
connector housmg 22 include recesses 144 attid 146 adjacent end 48. With reference to 
FIGS. 4 and 5, the bridge segment 94 of the lever 28 comprises first and second beams 148 
and ISO that extend fix)m the bridge segment. The beams 148 and ISO are stmctuxed and 
arranged such that when the connector housings 22 and 26 are fully engaged, the distal ends 
of the beams will extend into the recess 144 and engage the top wall 62 of the coimector 
housing 26 as illustrated in. FIG. 1. Such beams prevent Hie bridge segmrat 94 of the lever 
28 firom being forced into engagement with the latch 136 vfhen a plurality of coimector 
housings 20 are stacked upon each other . As a result, the latch 136 is isolated from 
tola:ance stackup problems. 

A second embodiment of the present invention includes features that minimize the 
likelihood of mismating the first and second connector housings. In such embodiment, a 
connector assembly is provided that includes a first connector housing and a second 
connector housing slidably engaging therein. The second connector housing includes a 
multi-surface first cam projection. A lever is pivotally supported on the first connector 
housing by at least one pivot element extending through a wall of the first connector 
housing. In such embodiment, the pivot element comprises a region that comprises a multi- 
surface second cam projection. The first and second cam projections are stmctured and 
arranged so that at least a first surface area of the first cam projection will engage at least a 
first surface area of the second cam projection when the first and second coimector 
housings are in a misalignment mode thereby preventing pivoting of the lever in an 
engagement direction. The first and second cam projections are flirffaer structured and 
arranged so that at least a second surface area of flie first cam projection will mate with at 
least a second surface area of the second cam projection, vydien the first and second 
connector housings are in a first stage of an alignment mode, to permit pivoting of the lever 
in tiie engagement direction. The first and second cam projections are furtiier structured and 
arranged so that in a second stage of tiie alignment mode a third surface area of the first cam 
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projection will mate with the first surface area of the second cam projection \^en the lever 
is pivoted in an engagement direction or in an opposite disengagement direction, 
respectively, to urge the first and second connector housings towards or away fi:om each 
other, respectively, 

FIGS. 13 to 22 illustrate an example of such a second embodhnent of the present invention. 
In considering such an embodiment, the connector housing 26 is altered by leplacing the 
cam projections 78 with the cam projections 78' illustrated in FIG. 13. Such altered 
connector housing is designated 26' and is stmctured and functions in the same manner as 
connector housing 26 except as described hereinu Each cam projection 78' comprises a 
segment 152 and a segment 154. The connector housing 22 may be used with connector 
housing 26'. The lever 28 is altered by replacing the pivot elements 96 with the pivot 
elements 96' illustrated in FIGS. 14 to 19. Such altered lever is designated 28' and is 
structured and functions in the same manner as lever 28 except as described herein. Since 
the other features of tiie lever 28' are similar to those of lever 28, some of such features have 
been designated with like reference numbers that have been primed, for clarity. Each pivot 
element 96* comprises a region 156 that comprises a segment 158 adapted to mate with a 
respective segment 152, but not with a segment 154, of connector housing 26'. Region 156 
of lever 28' also comprises a segment 160 adapted to mate with a respective segment 154 of 
connector housing 26'. Segments 154 and 158 are structured and arranged so that each 
segment 158 will engage a respective segment 154 when the first and second connector 
housings are in a misaligxunent mode thereby preventing pivoting of the lever 28' in an 
engagement direction. Segments 154 and 160 are structured and arranged so that each 
segment 160 will mate with a respective segment 154 in an alignment mode to permit 
pivoting of the lever 28' in an engagement direction. Segments 152 and 158 are structured 
and arranged so that when the connector housings 22 and 26' are properly aligned, each 
segment 158 will mate with a respective segment 152 in an engagement and disengagement 
mode when the lever 28' is pivoted in an engagement direction or in an opposite 
disengagement direction, respectively, to urge the connector housings 22 and 26' towards 
and away fijom each other, respectively. 



The embodiment illustrated in FIGS. 13 to 19 accomplishes the foregoing by providing the 
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multi-surface first cam projections 78' with (a) a first surface area in the form of a stop 
surface 162 that forms a portion of the segment 1 54; (b) a second surface area in the form of 
a partial gear tooth 164 that forms another portion of the segment 154; and (c) a third 
surface area in the form of a fiill gear tooth 1 66 that forms the segment 1 52. In addition, the 
multi-surface second cam projection of region 156 is provided with (a) a first surface ar6a in 
the form of a full gear tooth 168 that forms the segment 158, and (b) a second surface area 
in the fomi of a partial gear tooth 170 that forms the segment 160. Tlie gear teeth 164 and 
166 of the coimector housing 26* are structured and arranged to mate Avith respective gear 
teeth 170 and 168 as described herein. In the embodiment illustrated in FIGS. 13 to 19, 
each fill! gear tooth 166 has a width 172, and each partial gear tooth 164 has a width 174 
that is about one half of the width 172. Similarly, each full gear tooth 168 has a width 176, 
and each partial gear tooth 170hasawidth 178 that is about one half of the width 176. 

In considering the assraibling of the embodiment illustrated in FIGS. 13 to 19, tiie lever 28' 
is attached to the connector housing 22 in the same manner in that the lever 28 is attached to 
the connector housing 22. In considering the operation of the embodiment illustrated in 
FIGS. 13 to 19, the connector housings 22 and 26' are slidably engaged with each other in 
the same manner in that coimector housing 22 and 26 are slidably engaged as discussed 
above, with the exception that the structural and operational interrelationship between each 
cam projection 78' of the coimector housing 26' and each respective pivot element 96' of the 
lever 28' attached to connector housing 22 diflFers fi-om that of the cam projections 78 of the 
connector housing 26 and the pivot eleihents 96 of the lever 28, as described hereinafier. 

In considering the embodiment illustrated in FIGS. 13 to 19, the cam projections 78' of the 
connector housing 26', and the lever 28' attached to the connector housing 22, are structured 
and arranged such that if the connector housings are properly aUgned when they are slidably 
engaged, then each segment 154 will engage a respective segment 160 thereby permitting 
pivoting of the lever in an engagement direction. To this end, and with reference to FIG. 20, 
the lever 28', a portion of that is illustrated in phantom lines for clarity, is configured such 
that v/hen it is attadied to the connector housing 22, each fiill gear tooth 168 will be the 
forward gear tooth of the connector housing 22 when the connector housings 22, 26' are 
slidably engaged. The lever 28' and connector housing 26' are fiirfher configured such that 
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when the connector housings are properly aligned and slidably engaged, each full gear tooth 
"168 will be disposed above and will slide past a respective stop surface 162 and respective 
partial gear tooth 164 allowing each partial gear tooth 170 to mate with a respective partial 
gear tooth 164. In this manner, respective gear teeth 164 and 170 mesh thereby permitting 
the lever 28* to be pivoted in engagement dkection 126 in the first stage of the alignment 
mode. 

The cam projections 78' and the lever 28' are further stmctured and arranged such that when 
the connector housings 22 and 26' are properly aligned, eadi segment 152 will mate with a 
respective segment 158 when the lever 28' is pivoted in engagement direction 126 or in the 
disengagement direction 122 to urge the connector housings toward or away from each 
other, respectively. To this end, and wifli reference to FIG. 21, the lever 28' and connector 
housing 26' are further configured such that at the completion of the fijrst stage of the 
alignment mode, each full gear tooth 168 is disposed relative to a respective full tooth 166 
such that pivoting of the lever 28' in engagement direction 126 will cause each partial gear 
tooth 170 to pivot about a respective partial gear tooth 164, and each gear tooth 168 to mate 
with a respective gear tooth 1 66 in a second stage of the alignment mode. Such motion will 
ui^e the connector housings 22 and 26' towards each other in the same manner in that 
connector housings 22 and 26 are urged together by the mating of the generally V-shaped 
gear-like surface areas 1 12 and the generally V-shaped gear-like camming surface areas 80 
as described above regarding FIGS. 10 and 11. Similarly, pivoting of the lever 28' in the 
disengagement direction 122 will cause each partial gear tooth 170 to pivot in an opposite 
direction about a respective partial gear tooth 164, and each full gear tooth 168 to disengage 
fipom a respective full gear tooth 166 in the second stage of alignment. Such motion will 
uige the connector housings 22 and 26' away from each other in the same manner in that 
connector housings 22 and 26 are urged apart as described above regarding FIGS. 10 and 
11. 

The cam projections 78' of the connector housing 26' and the lever 28' are further structuied 
and arranged such that if the connector housings are in a misalignment mode when they are 
slidably engaged, then each segment 158 will engage a respective segment 154 thereby 
preventing pivoting of the lever in an mgagement direction. To this end, and with reference 
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to FIG. 22, the lever 28* and connector housing 26' are configured such that when the 
-connector housings are not properly aligned when slidably engaged, each fiill gear tooth 168 
will be positioned so as to engage a respective stop surface 162 thereby preventing each 
partial gear tooth 164 from mating with a respective partial gear tooth 170 and the lever 28' 
from pivoting in engagement direction 126 and mismating the connector housings. The 
engagement of each stop surface 162 and a respective gear tooth 168 will provide tactile 
feedback to the user indicating that the connector housings 22 and 26' are not properly 
aligned. 

Fabrication of the coimector assembly of the present invention may be accomplished using 
conventional procedures. For example, Ae connector housings 22 and 26, 26' and flie lever 
28, 28' may be molded from a plastic material. 

The embodiments that have been desaibed herein are but some of several that utilize this 
invention and are set forth here by way of illustration but not of limitation. It is appaieat 
that many other embodiments that will be readily apparent to those skilled in the art may be 
made without departing materially from the spirit and scope of this invention. 
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We claim: 

1 . A connector assembly, comprising: 

at least one first connector housing; 

at least one second connector housing slidably engaging 
within said first connector housing, said second connector housing 
comprising a multi-surface first cam projection; and 

a levCT pivotally supported on said first connector housing by 
at least one pivot element extending through a wall of said first connector 
housing, said pivot element comprising a first region that comprises a multi- 
surface second cam projection, said first and second cam projections being 
structured and arranged so that (a) at least a first surface area of said first 
cam projection will engage at least a first surface area of said second cam 
projection, when said first and second connector housings are in a 
misalignment mode thereby preventing pivoting of said lever in an 
engagement direction, (b) at least a second surface area of said first cam 
projection will mate with at least a second surface area of said second cam 
projection when said first and second connector housings are in a first stage 
of an alignment mode thereby permitting pivoting of said lever in said 
engagement direction, and (c) at least a third surface area of said first cam 
projection will mate with said first surface area of said second cam 
projection when said lever is pivoted in an engagement direction or in an 
opposite disengagement direction, respectively, in a second stage of said 
alignment mode, to urge said first and second connector housings towards or 
away fi-om each other, respectively, 

2. The connector assembly of claim 1 wherein said first, second and 
third sxnface areas of said first cam projection comprise a stop surface, a first 
partial gear tooth and a first fiill gear tooth, respectively, and fiuther wherein 
said first and second surface areas of said second cam projection comprise a 
second fiill gear tooth and a second partial gear tooth, respectively, said first 
partial gear tooth and said first fiill gear tooth being structured and arranged 
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to mate with said second partial gear tooth and said second full gear tooth, 
respectively, in said alignment mode. 

3. The connector assembly of claim 2 wherein each first and second full 
gear tooth has a first width, and each first and second partial gear tooth has a 
second width, said second Avidth being equal to about one half of said first 
width. 

4. The connector housing of claim 1 wherein said Gist coimector 
housing comprises opposing first and second sidewalls, said second 
coimector housing comprises opposing third and fourth sidewalls, said third 
and fourth sidewalls slidably engaging within said first and second sidewalls, 
said tfaiixl and fourth sidewalls each comprising a first cam projection, said 
lever pivotally supported on said first and second sidewalls by respective 
first and second pivot elements extending through said first and second 
sidewalls, respectively, said first and second sidewalls each comprises an 
aperture extending therethrough, said aperture comprising a circular portion 
intersected by a linear portion that extends to an edge of said sidewall, and 
further wherein said first and second pivot elements each comprise a second 
region that comprises opposing flat segments connected by opposing circular 
segments, said opposing flat segments structured and arranged to mate with 
said linear portion for attaching said lever to said first connector, and said 
opposing circular segment stmctured and arranged to mate with said circular 
portion for pivoting said lever relative to said first connector. 

5. The connector housing of claim 4 wherein said third and fourth 
sidewalls each comprise a third cam projection, and further wherein said 
lever comprises first and second lever portions adq>ted (a) to engage said 
opposing first and second sidewalls, respectively, in a first lever position to 
prevent pivotal movement of said lev», and (b) to be disengaged fi:om said 
opposing first and second sidewalls by a req)ective of said third cam 
projections in a second lever position to permit pivotal movement of said 
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lever in said second stage of said aligned mode. 

6- The connector assembly of claim 4 wherein said lever comprises 
opposing resilient first and second arms joined by an bridge segment, smd 
first and second arms and said bridge segment being positioned outside of 
said first connector housing, and said first and second pivot elements 
projecting fi-om said first and second arms, respectively. 

7. The connector assembly of claim 6 wherein said first arm extends 
fiom said bridge segment to a first distal end, and said second arm extends 
fix)m said bridge segment to a second distal end, said first and second distal 
ends comprising said first and second lever portions. 

8. The connector assembly of claim 6 wherein said bridge segment 
comprises a first latch member, and said second connector housing 
comprises a mating second latch member, said first latch member being 
structured and arranged to fidly engage said mating second latch member 
when said first and second connector housings are fiilly engaged. 

9. The connector assembly of clmm 8 finrther comprising fiirst and 
second beams extending &om said bridge segment, said first latch member 
being positioned between said first and second beams, said first and second 
beams being stractured and arranged to engage a top surface of said second 
connector housing v/bea said first and second connector housings are fidly 
engaged. 

10. The connector assembly of claim 6 wherein each first region is 
positioned within said first connector housing between said first and second 
sidewalls, and each second region is positioned within a respective of said 
apertures. 

11. The connector assembly of claim 1 further comprising a mounting 
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plate, said at least one second connector housing extending from said 
mounting plaf e. 

12. A connector assembly, comprising: 

a first connector housing comprising opposing jSrst and 
second sidewalls; 

a second connector housing comprising opposing third and 
fourdi sidewalls, said third and fourth side>valls slidably engaging wi&in 
respective first and second sidewalls of said first connector housing, said 
third and fourth sidewalls each comprising a first cam projection comprising 
a first segment and a second segment; and 

a lever pivotally supported on said first and second sidewalls 
by respective first and second pivot elements extending through said first 
and second sidewalls, respectively, said first and second pivot elements each 
comprising a first region that includes a second cam projection comprising a 
third segment adapted to mate with said first segment but not vath said 
second segment, and a fourth segment adapted to mate with said second 
segment, said segments being structured and arranged so that (a) each third 
segment will engage a respective of said second segments when said first 
and second connector housings are in a misaligimient mode thereby 
preventing pivoting of said lever in an engagement direction, (b) each fourth 
segment will mate with a respective of said second segments in an alignment 
mode to permit pivoting of said lever in said engagement direction; and (c) 
subsequent to said alignment mode each third segment will mate with a 
respective of said first segments in an engagement and disengagement mode 
when said lever is pivoted in an engagement direction or in an opposite 
disengagement direction, respectively, to urge said first and second 
connector housings towards or away from each other, respectively. 

13. The connector assembly of claim 12 wherein said first and second 
sidewalls each comprise an ai)erture extending therethrough, said 

aperture comprising a circular portion intersected by a linear portion 
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that extends to an edge of the sidewall, and further wherein said first and 
second pivotal elements each confprise a second region that composes 
opposing flat segments connected by opposing cuxjular segments, said 
opposing flat segments structured and arranged to mate with said linear 
portion for attaching said lever to said first connector, and said opposing 
circular segments structured and arranged to mate with said circular portion 
for pivoting said lever relative to said first connector. 

14. The connector assembly of claim 12 wherein said third and fourdi 
sidewalls each comprise a third cam projection, further wherein said lever 
comprises first and second lever portions adapted (a) to eng^e a respective 
of said opposing first and second sidewalls of said first connector housing, in 
one lever position to prevent pivotal movement of said lever, and (b) to be 
disengaged fix)m a respective of said first and second opposing sidewalls by 
a respective of said third cam projections in another lever position to permit 
pivotal movement of said lever in said alignment mode. 

15. The connector assembly of claim 14 wherein said lever comprises 
opposing resilient first and second arms joined by a bridge segment, said 
first and second amis and said bridge segment being positioned outside of 
said first connector housing, and said first and second pivotal elements 
projecting firom said first and second arms, respectively. 

16. The connector assembly of claim 15 wherein each first region is 
positioned within said first connector housing between said first and second 
sidewalls, and each second region is positioned within a respective of said 
apertures. 

17. The connector assembly of claim 16 wherein said Sxst arm extends 
fix>m said bridge segment to a first distal end, and said second arm extends 
fix)m said bridge segment to a second distal end, said first and second distal 
ends comprising said first and second lever portions. 
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18. The connector assembly of claim 12 further comprising a mounting 
plate, said second connector housing extending from said mounting plate. 
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